The purpose of this study is to analyse PMV (Predicted Mean Vote) and PPD (Predicted Percentage of dissatisfied) by automatic control of slat-type vertical blind. EnergyPlus, a building energy analysis software has been used for this study. The energy model is calibrated in Energy Plus using measured zone temperature and glass surface temperature data for one day and thermal comfort performance inside the building analysis was carried out. The calibrated data has the MBE of 4% and Cv(RMSE) of 10%. The result was that, for better zone thermal comfort, installation of blind on the outside is more appropriate than inside or no blind case. Additionally, different glazing types were compared and it was found that Triple Low-e glass is the most favorable.
Introduction

Background and Objective of the Study
apartment house. They examined the change of PMV and PPD when applying previous cases and alternatives and analyzed the improvement of (Clo) according to the change [13] . Taking indoor radiation into account, Kim Se Hyun et al. proposed the performance assessment of thermal comfort and analyzed the factors with which PMV is calculated [14] . Mo Paek Hyoun et al. analyzed the impact of roller blinds on the thermal environment for the occupants by setting transmittance rate of blind at 10% when roller blinds are installed in an office building and taking reflectance as variable. The study drew a conclusion that installing roller blinds could lower PMV value by 1.3 on average, which presents more favorable thermal environment for indoor occupants during summer [21] . In an office space in which most of occupants' schedules are concentrated on daytime, pleasant indoor environment increases emotional satisfaction and work efficiency. Most of office buildings prefer curtain walls made of connection to outdoors with indoor occupants. As the structure of a curtain wall requires a broad space for window area, excessive direct solar radiation through windows can cause visual and environmental discomfort to indoor occupants. Although windows and their fittings of high-performance and high air-tightness have been developed, it is required to develop additional sunshade system that can reduce increasing consumption of cooling energy and solve thermal discomfort for indoor occupants. A blind, which is a commonly used shading device for an office building, can be divided into external and internal blind by the location of installation. Internal blinds are easy to operate and maintain, but less efficient in terms of thermal environment [11] . 
Research Method and Scope
This study followed the research procedure as shown in Figure 1 .
For this research, the mock-up test units that had been installed on the top of six-story building of domestic H University was employed and modeling was designed with simulation program EnergyPlus v6.0 [11] . To set the conditions of automatic controlling of slat-type blinds, this study employed vertical control strategy [12] , which is suggested in the study of Oh Myung Hwan et al., and decided to automatically control slat angle to a normal surface of solar radiation [11] . For vertical control strategy, this study determined to control the blinds, focusing on Discomfort Glare Index (GDI). Since DGI is satisfied within the scope of comfort with visual environment in case that vertical surface insolation is less than 50W /m 2 , the blinds were controlled to roll up to take in entire insolation. On the contrary, when vertical surface insolation is more than 50W /m 
Criteria of Indoor Thermal Environment Performance
PMV (Predicted Mean Vote)
PMV is a mean value of subjective evaluation within a random group in a given environment. It comprehensively considers human body's metabolic rate, thermal resistance of clothing, dry bulb temperature, and average radiation temperature, air flow, humidity and others. PMV calculation method [2] suggested by P.O. Fanger in 1984 was adopted and established as ISO international standard [1] . In the analysis of EnergyPlus v6.0, P.O. 
PPD (Predicted Percent Dissatisfaction)
PPD is an index to predict how many people feel dissatisfied with given thermal environment. ISO Standard 7730 recommends PPD<10% as comfortable PPD range. PPD calculation is expressed as below.
Here, e: natural constants (exponential constant)
Selection of Simulation Program and Setting of Analysis Conditions
Selection of Simulation Program
In this paper, EnergyPlus v6.0, developed by U.S. Department of Energy (The US DOE), was chosen as building energy analysis program [3] . The program dynamically interprets building energy and combines the merits of previously developed simulation programs, DOE-2 and BLAST. In addition, Heat Balance Method, which is recommended by ASHRAE, was adopted for the analysis of building load [4] . The optical analysis of blind modules was based on Simmler's model [5] . Using EnergyPlus, the present study quantitatively measured and analyzed indoor insolation radiated through windows equipped with slat-type blinds on the basis of "solar radiation transmitted through slat-type blinds", which was published in 1996 by Simmler, Fischer and Winkelmann. The following hypotheses were made for the theoretical analysis of slat-type blinds.
1) Slat is horizontal. Therefore, sunlight is completely diffused on arrival at the slat.
2) In determining optical characteristics, internal reflection in the space between the slat and glass is ignored. That is, they are replaced with the interpretations of the representative optical characteristics of blinds, which are decided by the penetration rate, reflectance, thickness and angle of a slat, and those of glass.
3) Small holes made for wires to support slats with are ignored.
Heat transfer between blinds and windows through natural convection is calculated by ISO 15099 standard formula, reflecting the shapes of intermediate space [6] .
Simulation Modeling and Model Validation
Simulation modeling using Energy Plus is shown in Figure 2 Table 2 and more specific information of each part of the model is explained in Table 3 below. Table 3 . Sectional details of each part [11] The comparison of glass performance, which was changed, is shown in Table 4 . The physical properties of glass (A and J manufacture) were used for this study. [11] . Because the error rates of MBE and Cv (RMSE) were less than 10% and 30%, respectively, the reliability of the simulation model was demonstrated [7] . Therefore, the verified model was applied to the analysis of thermal comfort performance by presence and absence of a blind and the type of window.
Setting of Interpretation Conditions
It is recommended in EnergyPlus that if climate data of a certain area is unavailable, weather data from Meteonorm in format of TMY2 be used [8] . Accordingly, this study used the data derived from Meteonorm. In addition, the data for heat density of indoor lighting, indoor heating equipment and indoor set temperature as those of a standard office building, which are suggested in the performance expansion project of the Korea Institute of Energy Research, as seen in Table 5 is input for this simulation model [10] . In this study, an attempt was made to examine the pattern of thermal environment performance in an office building on the basis of the verified model described above. To do so, a hallway was added on the northern space, which is not air-conditioned.
And thermal comfort performance was measured by indoor location and the results are shown in Figure 3 . For the values that
the present study wants to analyze, Energyplus shows only the result values of a central space to be analyzed which is not sufficient for this study. Therefore, the space was segmented into 14 sub-spaces for more accurate analysis. And the walls between spaces were virtually installed with infrared transparent walls through which daylight can penetrate. 
Simulation Results and Analysis
PMV and PPD Analysis
Indoor PMV and PPD were measured at 13:00 on a typical day of summer season (July 26) and winter season (Jan 10) in 3 cases: no blinds were installed, internal blinds were installed, and external blinds were installed, and by the type of window. At the time of measurement, solar elevation angle on the representative date of summer season was 72.96°and that on winter season was 31.55 °. For PMV analysis, ASHRAE recommends that amount of clothing is 0.5Clo during cooling period and during heating period is 1.0Clo [9] . And metabolic rate was set at 1. 
Correlation Analysis with Analysis Influencing Factors
A test was carried out to know the correlation between indoor air temperature, MRT, heat gain and loss through wall and solar radiation gain and loss through window, and PMV and PPD. 
Conclusion
In the simulation model, this study included internal and PMV, PPD, MRT and indoor air temperature turned out higher when internal blinds or no blinds were installed than when external blinds were installed, due to greater heat gain through windows.
3) It was found that PMV deviated away from thermal comfort range in Area 14, which is near to the hallway, at 13:00 on the representative day of winter season. The deviation can be explained by the assumption that the heat loss through the wall increased due to the temperature gap between the hallway and Area 14. In addition, there was a considerable gap of internal and external temperature in the areas near the windows when no blinds were installed and when internal blinds were installed at 13:00 on the representative day of winter season. When it was compared with the case external blinds were installed, the former experienced relatively greater loss of heat through the wall, so PMV, PPD and MRT were more affected.
